Phosphorylation and binding interactions of CheY studied by use of Badan-labeled protein.
In the chemotaxis signal transduction pathway of Escherichia coli, the response regulator protein CheY is phosphorylated by the receptor-coupled protein kinase CheA. Previous studies of CheY phosphorylation and CheY interactions with other proteins in the chemotaxis pathway have exploited the fluorescence properties of Trp(58), located immediately adjacent to the phosphorylation site of CheY (Asp(57)). Such studies can be complicated by the intrinsic fluorescence and absorbance properties of CheA and other proteins of interest. To circumvent these difficulties, we generated a derivative of CheY carrying a covalently attached fluorescent label that serves as a sensitive reporter of phosphorylation and binding events and that absorbs and emits light at wavelengths well removed from potential interference by other proteins. This labeled version of CheY has the (dimethylamino)naphthalene fluorophore from Badan [6-bromoacetyl-2-(dimethylamino)naphthalene] attached to the thiol group of a cysteine introduced at position 17 of CheY by site-directed mutagenesis. Under phosphorylating conditions (or in the presence of beryllofluoride), the fluorescence emission of Badan-labeled CheY(M17C) exhibited an approximately 10 nm blue shift and an approximately 30% increase in signal intensity at 490 nm. The fluorescence of Badan-labeled CheY(M17C) also served as a sensitive reporter of CheY-CheA binding interactions, exhibiting an approximately 50% increase in emission intensity in the presence of saturating levels of CheA. Compared to wild-type CheY, Badan-labeled CheY exhibited reduced ability to autodephosphorylate and could not interact productively with the phosphatase CheZ. However, with respect to autophosphorylation and interactions with CheA, Badan-CheY performed identically to wild-type CheY, allowing us to explore CheA-CheY phosphotransfer kinetics and binding kinetics without interference from the fluorescence/absorbance properties of CheA and ATP. These results provide insights into CheY interactions with CheA, CheZ, and other components of the chemotaxis signaling pathway.